The enzyme activity and the electrophoretic characteristics of lactic dehydrogenase (LDH) in the plasma and different tissues from the mice with radiation-induced lymphoid leukaemia were examined and compared with those obtained from the normal mice. The LDH activity was ab normally increased in the leukaemic plasma. A considerable elevation of the enzyme level was also found both in the leukaemic spleen and in the lymphocytes isolated from it, but not in the liver, kidney, heart and muscle. LDH isozyme patterns were obtained by agar-gel electrophoresis. Each tissue exhibited a characteristic distribution of LDH activity among the separated isozymes. Leukaemic plasma contained much more LDH-5 than normal plasma, showing the pat tern similar to that obtained from leukaemic spleen. Kidney and heart from leukaemic mice indi cated no difference in the LDH-patterns as compared with those from normal mice.
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It is well know n that lactic dehydrogenase (LD H ) activity is elevated in the plasm a of laboratory a n i m als w ith established transplantable tum ours and of hum an patients w ith m alignant neoplasm s 1> 2. L ittle inform ation is available, how ever, concerning the orig in and the pro p erty of plasm a LDH w ith high activity. In the previous experim ents, we found a high LD H activity in the plasm a of m ouse w ith tran sp lan ted lym phoid leukaem ia induced originally by x -ra d ia tio n 3. It did not seem unreasonable to assum e th at the increased am ount of LDH in the plasm a of m ouse un d er leukaem ic condition would be released from a given leukaem ic tissue. A fu rth er know ledge of LD H activity in different tissues from leukaem ic m ouse m ight be req u ired for this reason.
M oreover, recent evidence has indicated that in m any anim al tissues the p attern of isozyme distribution of LDH shifts d u rin g dev elo p m en t4, and in certain state of d ise a se 5,6. F rom these findings, one could expect th at the electrophoretic p attern of LDH from leukaem ic m ouse m ight differ from norm al d istrib u tion of LD H isozymes. In this com m unication, the enzym atic activity and the elektrophoretic behaviour of LD H from several tissues of leukaem ic m ouse were exam ined and com pared w ith those of LDH from the corresponding tissues of norm al mouse.
M aterials and M ethods

M ice and radiation-induced, lym p h o id leukaem ia:
The anim als used w ere obtained from random breeding of R F strain m ain tain ed in our lab o rato ry . The p rim a ry lym phoid leukaem ia h ad been induced in R F m ale m ouse by 3 0 0 r w hole-body x-irradiation (2 3 0 kvP, 20 m a, 0.3 mm Cu + 0.5 mm A1 filter, 75 r p er m in) at age of 5 -20 weeks 3. The lym phoid leukaem ia thus induced has been m ain tained in our la b o ra to ry since 1963 by serial tra n s fer of the leukaem ic cells into ran d o m b red R F m ale mice at age of 9 -10 weeks.
Passage o f ly m p h o id leukaem ia: M ouse show ing gross sym ptom s of leukaem ia was killed u n d er nem butal anesthesia. T he spleen was m inced w ith scis sors and suspended in 2 -5 ml of chilled calciumfree T yrode solution (pn 7 .3 ). The cell suspension was filtered th ro u g h fo u r layers of gauze to rem ove the fibrous constituents. Cell concentration was ad justed to ab o u t 1 -1.5 x 10" cells/m l, an d 0.2 ml each was injected into tail vein of the recipient. The transplanted cells m ultiplied rap id ly in host an i mals, causing leukaem ia w ithin 10 to 20 days after inoculation.
Preparation o f sam ples: Blood was w ithdraw n g radually from h e a rt by a h ep arin -treated syringe with large gauge needle and centrifuged at 3 ,500 were dissected after collection of blood. E very tis sue was hom ogenized in a glass P otter-E lvehjem hom ogenizer equipped w ith a m otor-driven T efron pestle w ith 3 -10 tim e volumes of cold b arb ital buffer, p H 8.5, ionic strength 0 .0 5 . The hom ogenate was then centrifuged at 12,000 g fo r 20 m in at 2 °C . The supernatant was rem oved, kept in a refrig ira to r and served for the assay of LD H activity and the electrophoretic analysis.
Lym phocytes were isolated from spleens by the follow ing procedures. Spleens w ere m inced w ith scissors, suspended in T yrode solution and filtered th ro u g h four layers of gauze. The cell suspension was centrifuged at 2 ,800 g for 15 m in at 2 °C . A thin u pper layer containing the bulk of lym phocytes was rem oved, resuspended in T yrode solution and recentrifuged. The contam inating red cells w ere lysed by transient exposure to hypotonic solution as described by M a r b a ix and B u r n y 7. In tact lym pho cytes were w ashed once w ith T yrode solution, suspended in barb ital buffer and hom ogenized. The cell extract was centrifuged at 12,000 g for 20 m in and used for the determ ination of LD H activity.
M easurem ent of LD H activity:
LD H activity was determ ined by m easuring the change in absorbancy at 3 4 0 m/.i in a 1 cm light p ath cuvette w ith a H itachi EPU -2A spectrophotom eter. T he cuvette contained 0.7 ml of 0.2 M phosphate buffer, pn 7.4, 0 .1 m l of 3 . 6 x l O~3 M reduced nicotinam ide ad e nine dinucleotide (N A D H ), 0 .1 m l of diluted (or undiluted) plasm a or tissue extracts, 0.1 ml of 6.9 x 1 0~3 M sodium pyruvate and 2 ml of distilled w ater in a total volume of 3 ml. P rio r to ad d itio n of pyruvate the reaction m ixture was held for 5 -10 m in to deplete the endogenous substrate. T he rea c tion was initiated by ad ding pyruvate, an d the change in absorbancy was rea d for 3 -5 m in at interval of 15 -30 sec at 30 °C . T he activity is ex pressed as units/m g of protein, w here one u n it was defined as a decrease of 0 .0 0 1 /m in in the optical density at 340 m u . The p rotein contents of plasm a 
Results
LD H activities in the su p ern atan t fractions ob tain ed by cen trifu g atio n of different tissue homogenates are presented in T able 1. The n orm al p lasm a LD H activity show ed a m ean value of 7.1 w ith sta n d ard deviations of ± 2 .3 . The LDH acti vities of plasm a fro m six leukaem ic mice varied from 128 to 385 w ith a m ean of 267 ± 81. T hus the leukaem ic p lasm a was characterized by LDH activi ties much m ore 30 fold h igher th an those in the n o rm al plasm a. In the case of leukaem ic spleen, a significant increase in LD H activities was observed, w hereas we fo u n d no appreciable differences as to LD H levels in liver, kidney, h eart and m uscle betw een n o rm al an d leukaem ic mice.
H istological exam ination revealed alw ays leukaem ic infiltration in spleen, seldom in liver and kidney and never in heart and m uscle fro m the m ouse w ith advanced leukaem ia and fu rth e r th at enlarged spleen of leukaem ic m ouse was p rim a rily com posed of the invading leukaem ic c e lls 3> n ' 12. T his suggests that the elevation of LD H activities in leukaem ic spleen m ust be m ainly due to LD H con tained in leukaem ic cells. Indeed, as show n in the bottom colum n of T able 1, the LD H activity of leuk aem ic cells isolated from enlarged spleen was a p proxim ately 3 fold higher than that of norm al cells.
As a possible m echanism of h ig h er level of plasm a LD H , it was exam ined w hether so-called " L D H -agent" was associated w ith this rad iatio ninduced lym phoid leukaem ia. The plasm a derived from the m ouse w ith advanced leukaem ia, E hrlich ascites tum our-bearing m ouse (know n as the tu m o u r ca rry in g LD H -agent) and norm al m ouse was re spectively injected into three groups of adult healthy mice. LD H activities of plasm a from the recipient m ice were determ ined at 2, 4, 6 and 8 days after the plasm a injection.
The results are sum m arized in Table 2 . T he mice inoculated w ith the plasm a from E hrlich ascites tum our-bearing mice show ed 7 fold increase in plasm a LD H activity 2 days after inoculation, w hile no increase was detectable in the recipients of the plasm a from the tran sp lan tab le radiation-in d u ced leukaem ia and of the norm al plasm a. The results 91.0 -132.4 113.9 ± 14.1 Table 2 . Plasma LDH activities in recipient mice following injection of plasma from tumor-bearing mice and normal mice.
Tum our
are in good agreem ent w ith the results obtained by Y a f f e 13 th a t p rim a ry radiation-induced leuk aem ia did n o t show the presence of LDH elevating agent. W e m ust agree th at LD H -agent is not resp o n sible for the elevation of plasm a LDH activity in the leukaem ic m ice used in this study.
If an increased am ount of plasm a LDH was d erived from leukaem ic tissues, the electrophoretic p attern s of plasm a LDH w ould be altered according to the type of LD H released from the target tissues. sues w ere determ ined. T he relative p ro p o rtio n s to total L D H activity in th e individual fra ctio n were calculated from the densitom etric patterns (T able 3 ). A ccording to W i e m e , enum eration was m ade from the m ore rap id ly m ig ra tin g isozyme to the slower 9.
The electrophoretic p attern s of plasm a L D H from n o rm al and leukaem ic m ouse are show n in Fig. 1 . F o u r electrophoretically distinguishable isozymes w ere observed in b oth n o rm al and leukaem ic plasm a (LDH-1 was very fain t and often m issin g ). A notimu i n 2 shows the p attern s of LD H in n o rm al and leukaem ic spleen. In leukaem ic spleen a pro m in en t elevation of LDH-5 was observed, so th at the iso zyme p attern s closely resem bled those obtained from the leukaem ic plasm a. It seems th at the charac teristic p attern of LD H in leukaem ic spleen is tra n s m itted to th at of LD H in leukaem ic plasm a.
As show n in F ig. 3, kidney LD H contained five distinct isozym es; LD H-3 was ra th e r sm aller th an other four isozym es. The isozym e p attern s fro m leukaem ic m ouse show ed no rem ark ab le difference when com pared w ith those of n o rm al kidney.
an uii Table 3 . Distribution of LDH isozymes in various tissues from normal and leukaemic mice.
The isozyme p attern s of LD H fro m h ea rt show ed th at the m ost of enzym e activity is located in two rap id ly m ig ratin g isozym es, LDH-1 and LD H -2. The p attern s of h ea rd LD H also ap p ear to be eluding leukaem ia and caused 5 to 10 fold increase in plasm a LDH activity. A ccording to the data o b tained in the presen t study, no L D H -agent was dem onstrable in the plasm a fro m the m ice w ith radiation-induced lym phoid leukaem ia. Several au th o rs reported th at LD H-agent was not detectable in the spontaneous, chemically in d u ced and ra d ia tion-induced neoplasm s of recent o rig in 12, 17. S u b sequently, the agent was reg ard ed as a co n tam inant which had becom e associated w ith tu m o u r d u rin g tran sp lan tatio n 14,18.
The electrophoretic characteristics of LDH from hum an neoplastic tissues was stu d ied by several w orkers 19~21. T hey found no v aria n t of LD H speci fic for m alignant tissues but certain differences in the d istribution of total enzym atic activity am ong different m olecular forms of L D H . The present study reveals th at the most of LD H activity in leuk aem ic plasm a is contained in the slow est m ig ratin g isozyme (L D H -5). F urtherm ore, a p ro m in en t eleva tion of LDH-5 was observed in the leukaem ic spleen.
The sim ilar findings were rep o rted by 
